Effects of different solvents on the conformations of apoptotic cytochrome c: Structural insights from molecular dynamics simulation.
Cytochrome c (cyt-c) upon binding with cardiolipin acquires peroxidase activity and is strictly connected to the pathogenesis of many human diseases including neurodegenerative and cardiovascular diseases. Interaction of cyt-c with cardiolipin mimics partial unfolding/conformational changes of cyt-c in different solvent environments. Dynamic pictures of these conformational changes of cyt-c are crucial in understanding their physiological roles in mitochondrial functions. Therefore, atomistic molecular dynamics (MD) simulations have been carried out to investigate the effect of different solvents (water, urea/water, MeOH and DMSO) on the structure and conformations of apoptotic cyt-c (Fe3+). Our study demonstrates that the structural changes in the protein are solvent dependent. The structural differences are observed majorly on the β-sheets and α-helical conformations and the degree of their perturbation are specific to the solvent. Although a complete loss of β-sheets (0%) is observed in MeOH and DMSO, by contrast, well preserved β-sheets (3.84%) are observed in water and urea/water. A significant decrease in the α-helical contents is observed in MeOH (41.34%) and water (42.46%), a negligible alteration in DMSO (44.25%) and well preserved α-helical (45.19%) contents in urea/water. The distances between the residues critical for electron transfer are decreased considerably for DMSO. Further, the reduction in residue flexibility and the conformational space indicate that the collective motions of cyt-c are reduced when compared to other cosolvents. Essential dynamics analysis implies that the overall motions of cyt-c in water, MeOH and urea/water are involved in three to four eigenvectors and in first eigenvector in DMSO. Overall, we believe that MD simulations of cyt-c in different solvents can provide a detailed microscopic understanding of the physiological roles, electron transport and peroxidase function in the early events of apoptosis which are hard to probe experiments.